Background--Antazoline mesylate represents an antihistamine capable of rapid and safe cardioversion of atrial fibrillation, yet evidence concerning its efficacy in comparison to other medications is insufficient. The study aimed to evaluate the success rate and safety of pharmacological cardioversion of atrial fibrillation with intravenous antazoline (CANT [Cardioversion With Antazoline Mesylate] study) in the setting of the emergency department.
T he clinical importance of atrial fibrillation (AF) is related not only to the increased risk of cardiovascular morbidity and mortality, 1 but also to a steadily increasing number of patients with symptomatic episodes of AF requiring acute management in the emergency department (ED). 2 Timely successful cardioversion provides symptomatic relief and may prevent redundant hospitalizations. 3 Barring acute hemodynamic instability, the choice between pharmacological and electrical cardioversion relies on individual clinical decisions and the patient's preference. 4, 5 Because of the need for fasting state and anesthesia, the majority of patients initially undergo a pharmacological approach at rhythm conversion. 6 Existing antiarrhythmic drugs (AADs) either confer a risk of proarrhythmia in patients with structural heart disease (propafenone, flecainide, ibutilide, dofetilide) 7 or have a delayed onset of action (amiodarone). 8 Recently adopted vernakalant is characterized by a more universal clinical profile, 9 yet its application is limited by its low availability in certain parts of the world 10 as well as clinical contraindications, including severe heart failure, recent acute coronary syndrome, and severe aortic valve stenosis. 4 Accordingly, the search for a rapidacting, well-tolerated, and highly efficacious AAD continues. Antazoline mesylate is a first-generation antihistaminic compound that was originally intended for acute management of allergic reactions. 11 Accruing evidence shed light on its antiarrhythmic effect [12] [13] [14] related to an increased atrial refractory period and interatrial conduction time. 15 In the clinical scenario of short-duration AF, antazoline was proven to be clinically safe and restore sinus rhythm (SR) more effectively than both placebo 16 and a propafenone-based strategy. 17 Antazoline was also found useful in AF termination in the setting of the electrophysiology laboratory. 18, 19 Currently, antazoline is approved and widely applied in EDs throughout Poland in order to achieve acute rhythm control, despite not being covered in contemporary guidelines. 4, 5 To date, however, none of the reports systematically explored the success rate and safety of antazoline mesylate in comparison to other forms of pharmacological cardioversion, most importantly amiodarone. Thus, the study aimed to evaluate the success rate and safety of cardioversion with intravenous antazoline mesylate (CANT [Cardioversion With Antazoline Mesylate] study) in patients with AF in comparison to amiodarone and/or propafenone in the real-world setting of the ED.
Methods

Study Design
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
The CANT study was carried out as a retrospective, singlecenter, observational research that comprised all patients with a symptomatic episode of paroxysmal or persistent AF undergoing urgent cardioversion in the ED of Upper Silesia Medical Center in Katowice, Poland, between 2015 and 2017. The study flowchart is presented in Figure 1 . Initially, all 1984 patients with an I48 code of the International Classification of Diseases, Tenth Revision (ICD -10) were screened and subject to inclusion and exclusion criteria, which led to inclusion of 450 (22.7%) patients in the final analysis. The study protocol complied with Declaration of Helsinki Guidelines and was approved by the local Ethics Committee. All the participants gave their written informed consent for participation in the study.
The mandatory inclusion criteria comprised (1) an episode of symptomatic paroxysmal or persistent AF confirmed in 12-lead ECG without chronic AAD therapy and (2) a decision for rhythm control by means of pharmacological cardioversion.
The exclusion criteria are listed in Figure 1 and involved (1) permanent AF; (2) AF episode duration of >48 hours without chronic oral anticoagulation or of indeterminate duration and no indication for urgent transesophageal echocardiography; (3) spontaneous rhythm conversion or secondary to infusion of intravenous potassium or b-blockers alone; (4) AF with bradycardia referred for urgent pacemaker implantation; (5) decision for direct electrical cardioversion without a prior pharmacological approach; (6) AF as a comorbidity (eg, acute coronary syndrome and concomitant AF); (7) baseline bradycardia precluding acute pharmacological cardioversion in the ED; (8) chronic AAD therapy; (9) data incompleteness concerning mode of cardioversion; or (10) atrial flutter. Eight patients were characterized by 2 overlapping exclusion criteria.
Outcomes and Safety End Points
The primary end point was successful restoration of SR during a stay in the ED or after urgent hospital admission, which was confirmed by means of a 12-lead ECG and persisted until discharge. In the event of lack of rhythm conversion following drug administration, patients were either observed for at least 12 hours before discharge from the ED or admitted to the hospital with the intention of further pharmacological cardioversion and/or electrical cardioversion. This concerned all the assessed drugs so as to exclude possible late arrhythmia reversal. The moment of hospital admission was not consistent with unsuccessful pharmacological cardioversion, as some patients regained SR in the cardiology department. Patients in whom SR was eventually restored by means of electrical cardioversion were regarded as patients with unsuccessful pharmacological cardioversion.
The safety end point was defined as an acute adverse event in the direct aftermath of cardioversion in the form of
Clinical Perspective
What Is New?
• Antazoline is an antihistamine with antiarrhythmic properties, which has been previously demonstrated to terminate episodes of atrial fibrillation (AF), but has not been systematically compared to other antiarrhythmic drugs in the setting of the emergency department.
• The current study suggests that antazoline is at least as efficacious as propafenone and amiodarone for the pharmacological cardioversion of short-duration AF, with a very low rate of clinically nonsignificant complications.
• The success rate of pharmacological cardioversion was higher among patients with AF associated with tachyarrhythmia.
What Are the Clinical Implications?
• The present results provide evidence supporting the use of antazoline for the rapid pharmacological cardioversion of AF, in terms of both efficacy and safety. bradycardia <45 bpm, hypotension (decrease of systolic blood pressure of >40 mm Hg), syncope, or death. Amiodarone was diluted with 5% glucose and administered in an infusion pump with or without a preemptive intravenous bolus of 150 mg. Propafenone hydrochloride was administered either orally in 150-mg pills or in a slow (3-minute) intravenous bolus of 70 mg propafenone diluted with a 100-mL solution of 0.9% NaCl. Antazoline was administered either as a single or repeated slow (3-minute) undiluted intravenous bolus of 100 to 200 mg or diluted with a 100-mL solution of 0.9% NaCl and infused over 5 to 15 minutes. The total dose of each drug, as well as adjunct use of other AADs and/or b-blockers and/or potassium drip, were based on the individual decision of the physician.
Study Treatment
Data Acquisition and Definitions
The data regarding demographic and clinical variables were gathered by means of meticulous review of electronic health records and discharge summaries by investigators blinded to treatment. Venous blood was withdrawn at admission to ED and comprised blood smear, serum creatinine concentration, plasma potassium and sodium concentration, high-sensitivity troponin T, and thyroid-stimulating hormone. Estimated glomerular filtration rate was based on Modification of Diet in Renal Disease formula. Following the evaluation of comorbidities, the CHA 2 DS 2 -VASc score was calculated. The symptoms related to AF were graded using the European Heart Rhythm Association classification. 20 Persistent AF was defined as an episode lasting for >7 days. Coronary artery disease (CAD) was defined as a history of stable angina validated by means of a noninvasive stress test or any acute coronary syndrome or any percutaneous coronary intervention in anamnesis. Peripheral artery disease was defined as presence of claudication or ankle-brachial index <0.9, or significant stenosis of lower extremity arteries or presence of any atheromatous plaque within carotid arteries on Doppler imaging. Transthoracic echocardiography with the assessment of left ventricular ejection fraction (LVEF) and left atrial diameter (parasternal long-axis view) were conducted using Epiq 7G (Philips, Andover, MA) with a 2.5-MHz probe by experienced investigators.
Statistical Analysis
Quantitative variables were expressed as mean and standard deviation or median and 1 to 3 quartile boundaries and qualitative parameters as number and percentage. Variables type of distribution was verified using the Shapiro-Wilk test. Student t test was used in normally distributed parameters, while the 2-tailed Mann-Whitney U test was used in all nonnormally distributed parameters. Either ANOVA or the Kruskal-Wallis test was used for multiple comparisons among 7 subgroups of different pharmacological cardioversions. The proportions in contingency tables were calculated using the chi-square test with Bonferroni adjustment. Relative risk (RR) ratios with 95% confidence intervals (CIs) were calculated.
Following the univariate analysis of predictors of rhythm conversion, all the parameters with P<0.1 in univariate analysis were included in the logistic regression model. The regression model used a backward selection process. The area under the receiver operating characteristics curve for the model was calculated. A P value of <0.05 was regarded as statistically significant. Statistical analysis was performed using SPSS version 25.0 software (IBM Corporation, Armonk, NY).
Results
Demographic and Clinical Characteristics
After reviewing a total of 1984 patients, 450 (22.7%) were incorporated into the final analysis ( Figure 1 ). The overview of demographic and clinical characteristics of the whole study population depending on successful rhythm conversion is highlighted in Table 1 . The study population was characterized by a mean age of 65.5 years, slight predominance of females (52.9%), high prevalence of arterial hypertension (72.9%) and clinically proven atherosclerosis (32.4%), and chronic kidney disease (CKD; 23.3%). Impaired left ventricular systolic function reflected by LVEF <50% was found in 14.7% of patients.
The AF-specific variables were listed in Table 2 and stratified by successful and unsuccessful pharmacological cardioversion. The vast majority of patients had paroxysmal AF (96%), while the median duration of the index AF episode was 10 hours.
Pharmacological Cardioversion and Success Rate
Pharmacological cardioversion was successful in 69.8% of patients. Regardless of AAD use, 34.7% of patients received an adjunct intravenous or oral b-blocker, while 62.4% received intravenous potassium supplementation. The treatment received was delineated in Figure 1 . The most common drug was amiodarone (46.7%), followed by antazoline mesylate (24.2%) and propafenone hydrochloride (9.3%) ( Figure 1 and Table 2 ). The rest of the study population received a combined treatment of 2 or more drugs (n=89, 19.8%) ( Figure 1 and Table 2 ). In total, antazoline was administered to 180 patients (40%). The median dose of amiodarone was 600 (300-750) mg, propafenone 140 (70-210) mg, and antazoline 200 (100-300) mg (Table 2) .
No safety end points were reported in the antazoline group, whereas 3 incidents of bradycardia <45 bpm and 1 case of hypotension were reported in the amiodarone group and 1 case of bradycardia in the propafenone group. No cases of syncope or death were documented in any of the subgroups.
Antazoline Alone Versus Other Modes of Pharmacological Cardioversion
The comparison of antazoline and other regimens of cardioversion is highlighted in Table 3 and Figure 2 . Patients who received antazoline alone had a higher rate of successful cardioversion than patients who were treated only with amiodarone (85.3% versus 66.7%; RR 1.28; 95% CI, 1.13-1.45; P<0.001; number needed to treat, 5.4) and comparable success rate to patients treated with propafenone alone (78.6%; RR, 1.09; 95% CI, 0.91-1.30; P=0.317).
The rate of rhythm conversion was also higher in antazoline group in comparison to combined antazoline and amiodarone (85.3% versus 54.7%, P<0.0001), as well as antazoline and propafenone (46.2%; P=0.002), combined amiodarone and propafenone treatment (61.1%; P=0.020), and triple therapy with antazoline, amiodarone, and propafenone (40.0%; P=0.032).
The post hoc analysis of the chi-square test revealed that only the antazoline group differed significantly from other subgroups and had a Z-score-derived P value of 0.00004, which was below the Bonferroni-corrected P value threshold of 0.0071.
Antazoline Alone or Combined Antazoline Versus Non-Antazoline Cardioversion
Patients treated with antazoline alone (n=109) had a higher rate of SR restoration than combined treatment with amiodarone and/or propafenone ( Figure 3 and Table 4 ; 85.3% versus 68.1%; RR, 1.25; 95% CI, 1.12-1.40; P=0.0001, number needed to treat, 5.8). Patients in the antazoline group were younger; more often were men; and had a shorter duration of hospitalization, higher rate of CAD, lower troponin T level, and less frequently had impaired LVEF (Table 4) . When the antazoline group was considered as a whole with overlapping antazoline treatment (n=180), this mode of (Table 4) . The subanalysis of patients with antazoline alone compared with the rest of the study population (amiodarone and/ or propafenone and overlapping antazoline treatment) yielded a significantly higher rate of successful cardioversion in the first group (85.3% versus 64.8%; RR, 1.31; 95% CI, 1.18-1.47; P<0.0001; number needed to treat, 4.9).
Predictors of Successful Pharmacological Cardioversion
In the whole population (n=450), univariate analysis revealed that estimated glomerular filtration rate (unit odds ratio [OR], The univariate analysis performed on the subgroup of 180 patients treated with antazoline indicated that total dose of antazoline (unit OR, 0.996 per 1 mg; P=0.030), AF episode duration (unit OR, 0.981 per 1 hour; P=0.019), estimated glomerular filtration rate (unit OR, 1.021 per 1 mL/min; P=0.045), arterial hypertension (OR, 0.433; P=0.065), baseline heart rate (unit OR, 1.0150 per 1 bpm; P=0.037), concomitant use of amiodarone (OR, 0.267; P=0.0002) and propafenone (OR, 0.262; P=0.008) were linked to AF termination. Backward logistic regression confirmed that increased heart rate (unit OR, 1.025 per 1 bpm; 95% CI, 1.001-1.049; P=0.045) and shorter duration of AF episode (unit OR, 0.975 per 1 hour; 95% CI, 0.954-0.996; P=0.020) were independently associated with successful cardioversion. In addition, the adjunct use of amiodarone was associated with a significantly lower chance of rhythm conversion (OR, 0.181; 95% CI, 0.056-0.583; P=0.004). The area under the receiver operating characteristics curve for the predictive model was 0.798 (P=0.0002; Hosmer-Lemeshow P=0.891).
Discussion
The present study is, by far, the largest report in the literature systematically evaluating the success rate and safety of antazoline mesylate used for cardioversion in the ED and, most importantly, the first study comparing antazoline with amiodarone. Current results delivered evidence that the use of intravenous antazoline mesylate alone is associated with significantly higher rate of rhythm conversion than amiodarone (85.3% versus 66.7%; P<0.001) and combined amiodarone and/or propafenone (85.3% versus 68.1%; P=0.0001), with a comparable success rate to propafenone alone (85.3% versus 78.6%; P=0.317). When analyzed jointly (alone and overlapping treatment), antazoline was comparable to other forms of cardioversion (72.2% versus 68.1%; P=0.438) and was characterized by no adverse events in the current study (0% versus 1.9%; P=0.075).
Despite the lack of randomization, current results provide evidence for safety and a high success rate of antazoline as an AAD for termination of AF. It should be underscored that as many as 40.4% of patients treated with antazoline had CAD or peripheral artery disease diagnosis and 7.3% had impaired left ventricular systolic function and these patients did not experience any adverse events (Table 3) . However, excellent results of cardioversion with antazoline might be partially attributed to a more favorable clinical profile, reflected by younger age, lower prevalence of persistent AF, lower troponin T level, and lower prevalence of LVEF impairment than patients with amiodarone (Table 3) . Conversely, the antazoline group more frequently suffered from CAD and had greater left atrial diameter than the cohort treated with propafenone (Table 3) .
Current findings should be interpreted in relation to a former case-control study by Farkowski and coworkers, who found a significantly higher rate of rhythm conversion in patients treated with antazoline as compared with propafenone (71.6% versus 55.1%; RR, 1.30; 95% CI, 1.07-1.57). 17 The success rate was comparable to the combined antazoline group in our research (72.2%), but the study reported several adverse events associated with antazoline infusion, such as bradycardia (n=32, 9.6%) and hypotension (n=6, 1.8%), which still were nonsignificantly less frequent than in the propafenone-based strategy (P=0.633 and 0.244, respectively). 17 This should be contrasted with no adverse events in our study, which should be interpreted with caution because of its retrospective design.
The results of the CANT study stay in line with the only randomized controlled AnPAF (Antazoline in the Rapid Cardioversion of Paroxysmal Atrial Fibrillation) study by Macia z g and coworkers, who compared antazoline mesylate with placebo. 16 In this exploratory trial (n=74), antazoline mesylate was demonstrated to be superior to placebo in restoring SR in patients with short-duration AF (72.2% versus 10.5%; RR, 6.86; 95% CI, 2.66-17.72, P<0.0001). 16 Of note, antazoline facilitated rhythm conversion rapidly at a median time of 16 minutes, 16 while adverse events were transient and mainly related to hot flush and drowsiness. One episode of hypotension and heart failure exacerbation and 2 episodes of bradycardia were reported. 16 In the study by Balsam et al, antazoline was proven useful for termination of AF episode in 141 patients undergoing pulmonary vein isolation, as rhythm conversion rate was 83.6% in paroxysmal and 31.1% in persistent AF, while mild adverse actions were reported in 5% of patients. 18 Before antiarrhythmic use, antazoline has long been utilized to treat allergic reactions with no safety concerns raised throughout decades of use. Antazoline represents a first-generation nonspecific antihistamine with anticholinergic properties and a relatively short elimination half-life of 2.29 hours and a high volume of distribution. 21 Antazoline leads to a transient increase of heart rate by %8 bpm between the 2 and 4 minutes after intravenous bolus and a transient asymptomatic decrease of both stroke volume 22 and blood pressure. 22 In the surface ECG, antazoline was documented to prolong P-wave duration, PQ interval, QRS complex, and corrected QT interval. 22 As far as electrophysiological properties are concerned, antazoline can be classified as a quinidine-like agent similar to Vaughan-Williams class Ia. 22 Its action is mediated by blockage of sodium and potassium channels. 22 In the study performed during ablation of supraventricular arrhythmias, Bi nkowski et al showed that increasing the total dose of antazoline led to the reduction of SR cycle duration and prolongation of corrected QT interval, HV time, intra-and interatrial conduction times and increase of right and left atrial effective refractory period. 23 Antazoline did not interfere with AH time, Wenckebach point, atrioventricular node effective refractory period, and sinus node recovery period. 23 Therefore, this study corroborated a unique property of antazoline mesylate: It does not cause impairment of sinus node function and atrioventricular conduction, 23 which may explain no episodes of clinically significant bradycardia in the CANT study and low incidence of these complications in former trials. [16] [17] [18] Last but not least, the present results of logistic regression analysis provided evidence that a higher heart rate in the course of an AF episode may paradoxically facilitate rhythm conversion both in the whole population and among patients who received antazoline. On the other hand, the additional use of other AADs was independently associated with a lower chance of SR restoration. These data may be of use in the setting of the ED, as they undermine the benefits of adjunct use of b-blockers and lowering heart rate. The need for additional AAD use was associated with a lower chance of rhythm conversion, as it presumably identified patients resistant to pharmacological cardioversion.
Based on the results of the CANT study, antazoline emerges as a new, preferably monotherapeutic option, which could be used in patients presenting with tachyarrhythmia in the course of AF. Although antazoline was also efficacious and safe among patients with CAD and depressed left ventricular function, more safety data are required before wide application of antazoline in patients with structural heart disease.
Study Limitations
The study design was retrospective and nonrandomized; hence, it did not compensate for uneven distribution of risk factors between subgroups. Still, the study was high volume and reflected a real-life approach to acute rhythm management in a tertiary reference center. The use of AAD did not always adhere to guidelines because of the real-life nature of the study (eg, 3 patients in the propafenone group had depressed LVEF). The efficacy of amiodarone could be underestimated given possible delayed conversion to SR in some patients. The primary end point did not have a predefined maximal time for rhythm conversion to occur, and data concerning median time to cardioversion were unavailable. The study did not evaluate other AADs, most importantly ibutilide, flecainide, or vernakalant; however, these agents are currently unavailable in Poland. Nearly 20% of patients received 2 or more drugs, which might have distorted the properties of each evaluated agent.
Conclusion
Antazoline appears to be an efficacious and safe method of cardioversion in a real-life setting. The use of antazoline was associated with a higher rate of successful cardioversion than amiodarone and a comparable success rate to propafenone according to the present results. Randomized controlled trials comparing antazoline to other AADs, most importantly vernakalant, amiodarone, and propafenone, are warranted to draw firmer recommendations concerning its use.
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